We analyze the semileptonic weak decays of the octet baryons in a "model independent" approach, based on the algebraic structure of the Chiral Quark-Soliton Model. We argue that this analysis is in fact more general than the model itself. While the symmetry breaking for the semileptonic decays themselves is not strong, other quantities like ∆s and ∆Σ are much more affected. We calculate ∆Σ and ∆q for all octet baryons. Unfortunately, large experimental errors of Ξ − decays propagate in our analysis, in particular, in the case of ∆Σ and ∆s. Only if the errors for these decays are reduced, the accurate theoretical predictions for ∆Σ and ∆s will be possible.
The experimental results on the first moment I p of the proton spin structure function g 
are usually interpreted in terms of the exact SU(3) symmetry. Then, in contrast to the Ellis-Jaffe sum rule [6] , the strange quark contribution to the nucleon spin deviates from zero and is of the order of ∆s = −0.1, and the singlet axial current matrix element, interpreted as the portion of the total spin carried by the quarks ∆Σ p = a 0 , is much smaller than 1. Polarized structure functions have been thoroughly investigated within the perturbative QCD (see for review [7] and recent papers [8, 9] ). In the present note, following Ref. [13] we shall use I p = 0.124 ± 0.011 which can be translated into:
Γ p ≡ 4∆u p + ∆d p + ∆s p = 2.56 ± 0.23 .
if α s (Q 2 = 3 (GeV/c) 2 ) = 0.4. Then, assuming the Bjorken sum rule, one gets for the neutron Γ n ≡ 4∆d p + ∆u p + ∆s p = −0.928 ± 0.186 .
It is important to realize that ∆Σ p is not directly measured; it is extracted from the data through some theoretical model. If the SU(3) symmetry is assumed then all hyperon semileptonic decays can be expressed in terms of 2 constants F and D or alternatively in terms of two axial charges g A = ∆u p − ∆d p = F + D, a 8 = ∆u p + ∆d p − 2∆s p = 3F − D.
The SU(3) symmetry alone does not relate the singlet current to the octet ones, therefore in order to extract a 0 an extra input is needed, for example one can use Γ p of Eq. (2):
In order to extract constants F and D one usually uses the neutron beta decay and Σ − → n decay which gives the so called typical SU(3) values: F = 0.46, D = 0.8 and a 8 = 0.58. Alternatively one can perform the least χ 2 fit to all hyperon decays. Such a fit was performed for example in Ref. [11] , with the result F = 0.47 ± 0.01, D = 0.79 ± 0.01 and with relatively large χ 2 = 13.5 for 4 degrees of freedom which is an indication of the SU(3) breaking. The resulting a 8 = 0.62 ± 0.03. It has been noticed in [11] that nominal errors obtained from the fit are underestimates of the true ones. It is instructive to perform an oversimplified but illustrative analysis of the data which leads to the same conclusion. If the SU(3) symmetry breaking was not important, any pair out of six known semileptonic decays should give roughly the same number for g A , a 8 and a 0 . This is, however, not the case. There are 14 pairs which one can form out of 6 known hyperon decays which give linearly independent equations for g A , a 8 and a 0 (with Γ p of Eq. (2) as an extra input for the latter). Averaging over these 14 possibilities (disregarding the experimental errors) one gets g A = 1.27,ā 8 = 0.67,ā 0 = 0.17. (6) We see thatḡ A is almost identical to the g A measured in the β decay. In Fig.1 we plot the relative error for each fit for g A , a 8 and a 0 . The errors of g A are by far the smallest and the largest variations are observed for a 0 . This can be further demonstrated by averaging the relative error over the 14 fits. Then ∆g A = 0.03 < ∆a 8 = 0.17 < ∆a 0 = 0.27.
If a similar analysis is performed for the baryon masses in the SU(3) octet and decuplet then one gets that the average relative mass error is of the order of 10% which may be interpreted as a typical accuracy of the SU(3) symmetry for baryons. Therefore an interesting pattern of the SU(3) symmetry breaking for the hyperon decays can be seen in the data: g A remains almost unaffected (which may be interpreted as the sign of the almost exact isospin symmetry) whereas for a 8 the SU(3) symmetry breaking is typical (17% error). For a 0 the average error is, however, larger, which is the signature of a potentially large symmetry breaking in this channel. This pattern can be in principle understood theoretically since in the symmetry limit g A is given as a sum of two positive constants (4) F and D, and therefore the theoretical error for g A is of the order of the typical error of F and D alone, whereas a 8 is given as a difference (4) and this of course increases the error 2 . The same argument applies in principle also to a 0 , however here the situation is less clear, since we have to deal with 3 quantities (5) F , D and Γ p not just 2.
Values of a 0 for 14 different inputs with experimental errors.
In Fig.2 we plot 14 values of a 0 = ∆Σ p together with the experimental error bars. Typically the large error bars are due to the large error of Γ p and of the semileptonic Ξ − decays.
The above analysis suggests that the good measure of the SU(3) symmetry breaking is the value of a 8 . One may ask if the polarized DIS data can differentiate between different values of a 8 ? This question was addressed in Refs. [12] , where the constrained fit to all existing DIS data has been performed for 3 different values of a 8 : 0.40, 0.58 (typical SU(3) value) and 0.86. Unfortunately the χ 2 value for all 3 fits is practically the same indicating that the present DIS data are not able to decide in which way the SU(3) symmetry is broken. In Fig.3 we plot the values of ∆q, ∆G and ∆Σ from Ref. [12] (in JET renormalization scheme) as functions of a 8 together with the extrapolation to even smaller values of a 8 , not considered in [12] which were, however, suggested in Ref. [11] . In the situation where the DIS data are not able to provide any hint how the SU(3) symmetry is broken, one has to resort to some specific models [13] . In this paper, following Refs. [14] , we will use the Chiral Quark-Soliton Model (χQSM for short) [15, 16] (see Ref. [17] for review) to implement perturbatively the symmetry breaking due to the non-zero strange quark mass. This model satisfactorily describes the axial-vector properties of the hyperons [18] - [21] . Since the symmetry breaking pattern of the χQSM is identical to the one derived in large N c QCD [11] , our analysis is in fact much more general than the model itself.
The χQSM (as most of the hedgehog models [22] ) has a remarkable virtue of connecting the singlet axial-vector constant a 0 with g A and a 8 in a direct manner. This connection introduces a model dependence into our analysis. However, as we discussed in [14] , there is no significant numerical difference between the results obtained with and without this model dependent ingredient. Our analysis is based on a "model-independent" method where the dynamical quantities, which are in principle calculable within the model [18] , are treated as free parameters. By adjusting them to the experimentally known semileptonic decays we allow not only for maximal phenomenological input but also for minimal model dependence. In Refs. [23] - [26] magnetic moments of the octet and decuplet have been studied in this way. Model calculations for the vector-axial properties of baryons have been presented in Ref. [21] . There exist also direct model calculations of the spin polarization function itself [27, 28, 29] .
The transition matrix elements of the hadronic axial-vector current B 2 |A X µ |B 1 can be expressed in terms of three independent form factors:
where the axial-vector current is defined as
with X = 1 2
(1 ± i2) for strangeness conserving ∆S = 0 currents and X = 1 2
The q 2 = −Q 2 stands for the square of the momentum transfer q = p 2 − p 1 . The form factors g i are real and depend only on Q 2 in the case of the CP -invariant processes. We will neglect here both g 3 and g 2 . In principle the latter form factor is proportional to m s and therefore should be included in the consistent analysis of the weak decays data. Unfortunately, such an analysis is still missing and all experimental results for g 1 assume g 2 ≡ 0 (with an exception of Σ − decay [30] ). Other possible small m s corrections come from the evolution of g 1 with Q 2 , due to the non-conservation of the axial-vector currents caused by the SU(3) symmetry breaking. These corrections are also neglected in our approach.
The χQSM allows to express all semileptonic hyperon decays in terms of 6 parameters. These include both symmetry breaking in the baryon wave functions and in the weak currents as well. Unfortunately this is precisely the number of the known amplitudes A i of the semileptonic weak decays:
The U(3) axial-vector constants g can be also expressed in terms of the same set of parameters.
It is important to notice that there exist two linear combinations of A i 's which are free of the linear m s corrections in the χQSM (and large N c QCD [11] ), namely:
which give numerically F = 0.50 ± 0.07 and D = 0.77 ± 0.04.
We shall employ these values of F and D for the fits in the symmetry limit. Note that in this case a 8 = 0.73 which is higher than the typical symmetry value 0.58 and the least χ 2 value 0.62. This shows that the value of a 8 depends on the way of analyzing the data even in the symmetry limit.
In the following we shall present two sets of results: 1) the SU(3) symmetric ones with the input values of F and D given by Eq. (12) and 2) the ones with the symmetry breaking included where all 6 free parameters are fitted to the 6 hyperon decays of Eqs. (10) . Interestingly, the model predicts (
158 in very good agreement with the recent result for the latter decay from the KTeV collaboration [31] (
−0.17 ± 0.05 (first error is statistical, second systematic). Unfortunately this particular decay is not a good measure of the SU(3) breaking since the equality of the two decays holds both in the symmetry limit and with the breaking included.
In the SU(3) symmetry limit the model predicts that
for all octet baryons. This formula has a remarkable feature: it interpolates between the naive quark model and the Skyrme model. Indeed, in the case of the naive quark model where F = 2/3 and D = 1 one obtains ∆Σ = 1, whereas in the case of the simplest Skyrme model for which F/D = 5/9, ∆Σ = 0, as observed for the first time in Ref. [32] . Notice that ∆Σ is very sensitive to small variations of F and D, since it is a difference of the two, with relatively large coefficients. Indeed, for the 14 fits of Figs.1 and 2 the central value for ∆Σ varies between −0.25 to approximately 1. This might be the likely explanation of the hierarchy discussed in connection with Eq.(7).
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assuming for definiteness that m s = 180 MeV. This is possible because our chiral parameters F and D need not to be refitted as the symmetry breaking corrections are included.
In Fig.4 we plot Γ p,n and ∆Σ p both for the chiral symmetry fit and for the full fit together with experimental data for the proton and neutron. We see that in the chiral limit defined by (12) Γ p and Γ n are not reproduced. Only if the symmetry breaking terms are included, the model predictions hit the experimental values. Unfortunately our predictions have large error due to the experimental error of Ξ − decays. Somewhat unexpectedly we see that ∆Σ p is almost independent of the chiral symmetry breaking breaking is included only in the wave functions and the exact diagonalization procedure is applied, a 8 = 0.3 − 0.4 depending on the fit, ∆Σ p = 0.27 − 0.29 and ∆s p = −0.02 to −0.034, a fairly small number. This shows that the Chiral Quark Soliton Models, independently of the details, agree well with large N c QCD fit (with the SU(3) breaking included) [11] to the existing data (including decuplet decays), which gives a 8 = 0.27 ± 0.09. A simple parametrization of the SU(3) breaking proposed in Ref. [35] assumed that the effective ratio F/D for given decay i → f was proportional to the dimensionless parameter
. Then, by an appropriate interpolation, for the neutron β decay one gets F/D = 0.49 ± 0.08, less than the typical SU(3) value. This translates in turn into a 8 = 0.4. Similar value for a 8 was obtained in Ref. [36] where a simple model of strange ss-pairs suppression, parametrized by a single parameter ε, both in neutron and Σ − , was considered. The resulting value of ∆Σ p = 0.28 − 0.31 was almost independent of ε, whereas ∆s p was quite sensitive, increasing with ε from −0.10 at ε = 0 to −0.04 at ε = 2. In this respect the model of Ref. [36] is in qualitative agreement with our present study. Subsequently a 8 calculated from Eq.(11) of Ref. [36] decreases from the symmetry value a 8 = 0.575 to a 8 = 0.42 for ε = 2. Interestingly, for this range of small a 8 the global analysis of Ref. [12] indicates, as seen from Fig.3 , that ∆s p is compatible with zero and ∆G is also very small.
There are, however, other models which predict a 8 larger than the typical symmetry value. Chiral perturbation theory with kaon loops [37] gives a 8 = 0.8. Here both ∆s p and ∆Σ p are sensitive to the strength of the symmetry breaking, while ∆u p and ∆d p are not. The successful phenomenological model of S.B.Gerasimov [38] presented at this conference predicts in general a 8 > 0.8. An even larger value for a 8 was obtained in Ref. [39] in a model where quark spin polarization is mass dependent.
To complete the model spectrum let us mention the recoil model of Ref. [40] where the ratio F/D (hence a 8 ) remains not affected by the symmetry breaking. However, Ref. [40] predicted (g 1 /f 1 ) (Ξ 0 →Σ + ) = 1.17 to 1.14 ±0.03 which is significantly lower than the recentKTeV result [31] . Similar value for a 8 was obtained in Ref. [41] where the most general form of a baryon matrix element of an axial-vector current has been considered. In this respect the model of Ref. [41] is in principle parallel to our approach; also the number of free parameters is 6 (4 of them proportional to m s ) as in our case. However, the authors of Ref. [41] did not consider two measured decays Σ + → Λ and Ξ − → Σ 0 . For that reason they tried to reduce the parameter space and performed 4 fits with only one m s dependent parameter being different from 0. This is perhaps the reason why their conclusions are different from ours.
Let us briefly summarize our findings. We have performed the "model-independent" analysis of the hyperon semileptonic decays based on the algebraic structure of the Chiral Quark Soliton Model. There are two model ingredients which are of importance. The first one is the model formula for the octet axial-vector currents which have been derived in the linear order in m s and 1/N c . Our formulae here have the same algebraical structure as in the large N c QCD [11] , and therefore they are more general than the model itself. Secondly, in contrast to pure QCD, the model provides a link between the octet axialvector currents and the singlet axial-vector current. This connection is a truly modeldependent ingredient, however, we have given the arguments in favor of Eq.(13) based on the fact that apart from the general success of the χQSM in reproducing the form factors and parton distributions, in the limit of the small soliton it properly reduces to the Nonrelativistic Quark Model prediction, and in the limit of the large soliton it reproduces the Skyrme Model prediction for ∆Σ. Similarly, in Ref. [34] the argument has been given that Eq.(13) naturally emerges in the limit of the large m s , where the SU(3) flavor symmetry reduces to the SU(2) one. In Refs. [14] we have shown that if we abandon the model formula for a 0 and use instead Γ p as an additional input, then the resulting a 0 is numerically almost identical to the one obtained within the model. This provides a further support for the model formula for a 0 .
Numerically our results suffer from large errors due to the experimental errors of the Ξ − decays. It is therefore of utmost importance to measure these two decays (and also Ξ 0 → Σ + ) with the precision comparable to the other four decays. One should bare in mind that this is one of a few cases, where the low energy data have an important impact on our understanding of the high energy scattering. Given the theoretical implications of these experiments as far as the role of the axial anomaly and the gluon polarization is concerned [7, 8, 9] , one should make it clear how important the new measurements of the Ξ −,0 decays would be.
Within the experimental uncertainty we conclude that in our approach a 8 is smaller than the typical SU(3) value, and ∆s p in the proton is not incompatible with 0. Another important feature is that ∆Σ's for different hyperons split when the symmetry breaking is included. One should, however, keep in mind that the theoretical situation concerning the size and direction of the SU(3) breaking is not clear.
